Summary
After the nursery testing, twelve Swiss stone pine (Pinus cembra L.) provenances from the Alps and Carpathian Mountains were planted out at two sites located at high elevation in the Southern and Northern Carpathians. Total height growth (H), annual height growth (h), root collar diameter (RCD), branches per whorl (BW) and survival (SV) were measured and analyzed. Analysis of variance showed highly significant (p < 0.01; p < 0.001) differences between provenances for all traits, except survival, suggesting that selection at the provenance level could be possible. Also, over locations analysis revealed significant genotype x environment interaction, demonstrating that some provenances react differently to environmental conditions and, selection should take this into account. The phenotypic coefficient of variation was moderate for growth and high for number of branches per whorl suggesting that selection within provenance can also be applied.
Finding of significant and highly significant age-age and trait-trait phenotypic correlations indicated that early and indirect selection in Swiss stone pine species is possible. According to DUNCAN's multiple range test the best performing provenances of the two mountain ranges were selected for operational planting and breeding programmes. The results of this study validate that a very slow growing species, such as Swiss stone pine
Introduction
The Swiss stone pine is a glacial age relict naturally distributed at high elevations in the Alps and Carpathi-
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By I. BLADA *) and F. POPESCU Forest Research and Management Institute, Sos. Stefanesti, 128, Sector 2, Bucharest 11, Romania (Received 10 th April 2006) an Mountains (CRITCHFIELD and LITTLE, 1966) . It occurs mostly in Switzerland, Austria, Northern Italy, southeastern France, Romania, Slovakia, Poland and the Ukraine (SCHMIDT, 1994) . Although Swiss stone pine is considered related to Siberian stone pine, over 1500 miles (2400 km) presently separate the two species (CRITCHFIELD and LITTLE, 1966; MIROV, 1967) .
In the Alps, Swiss stone pine occurs between 1200 m and 2500 m elevation (CONTINI and LAVARELLO, 1982) but it is more frequent between 1500 m and 2000 m (HOLZLER, 1975) . In the Northern Carpathians the species ranges between 1350 m and 1880 m elevation (GUBESH, 1971) while in the Southern Carpathians between 1350 m and 1986 m (BELDIE, 1941; TATARANU and COSTEA, 1952; OARCEA, 1966) . Recently, in the Retezat Mountains (Southern Carpathians), Swiss stone pine was naturally found at as high as 2050 m elevation (BLADA, unpublished data).
Swiss stone pine, Norway spruce (Picea abies L.), dwarfed mountain pine (Pinus mugo Turra) and larch (Larix decidua Mill.) are the most important component species of the high elevation forests of the Carpathians. Unfortunately, these mountain forests were partially destroyed by human activities and domestic animal grazing. Swiss stone pine populations were most affected, so that over large areas the species has reduced to scattered trees.
The Bucegi and the Rodnei Mountains of the Southern and Northern Carpathians, respectively, can be regarded as typical examples where the Swiss stone pine populations are at the edge of extinction. Thus, their restoration and protection through a conservation programme are strongly recommended.
Though Swiss stone pine is very slow growing pine, it is important to the Carpathians for various reasons, such as ecological (HOLZER, 1972 (HOLZER, , 1975 , silvicultural (BLADA, 1996) , genetically (BINGHAM, 1972; HOLZER, 1975; HOFF et al., 1980; BLADA, 1987 , 1990 ), landscaping (BLADA, 1996 and manufacturing goods (CONTI-NI and LAVARELLO, 1982) .
Research work carried out to date on Swiss stone pine intra-specific variability revealed that phenotypic variability in crown shape and stem form was noticed (RIKLI, 1909; HOLZER, 1975) . In two trials with half-sib progenies, there was obtained a good correlation between height growth and the elevation of the seed source (HOLZER, 1975) . Very high variation in both number and weight of seeds per cone was found within each investigated population, but variation in 100 seed weight was only moderate (BLADA and POPESCU, 1992) . In the nursery test, highly significant differences were found among provenances for growth traits (BLADA, 1987 (BLADA, , 1997 ). An analysis of a diallel test confirmed the high genetic variation in growth traits even though cembra pine is a slow growing species (BLADA, 1999) .
The nursery test results of the 12 geographic seed sources of Swiss stone pine were previously evaluated for growth traits (BLADA, 1977) . The present study reports the field performances of Swiss stone pine provenances in survival, growth and branching in two provenance trials including the same 12 geographic seed sources. The results of the study were further evaluated to develop a seed transfer guidelines for further reforestation programmes with species in the Carpathians.
Materials and Methods

Provenances
The experiment consisted of 12 geographic origins or provenances seven of which originate in the Carpathians and five in the Alps Mountains ( Table 1) . The provenances covered a range of natural populations, distributed across 4°36' in latitude (between 45°12' N and 49°4 8' N) and 20°29' in longitude (between 4°48' E and 25°1 7' E) and from 1520 m to 2175 m elevation. Each provenance represented one stand and comprised of bulked seedlots collected from 10 to 20 open pollinated trees per population. The trees from which seed was collected were at least 50 m distance away from each other. 
Sites and experimental layout
After the nursery test (BLADA, 1997), two field trials were laid out in autumn of 1997 years in two sites. One site was located in the Surianu Mountain (Cugir Forest District /Southern Carpathians) at 45°37' N latitude, 23°32' E longitude and 1550 m elevation. The other site was placed in the Inau Mountain (Carlibaba Forest District / Northern Carpathians) at 47°33' N latitude and 24°55' E longitude. In each site, the trial was layout according to a complete randomized block design with 12 provenances, three blocks and 30-trees rectangle plot per block, spaced 2.5 x 2.5 m.
Assessments and statistical analysis
Five traits in the field test were recorded at successive ages (Table 2) , such as: height growth between age 10 and 14, root collar diameter between age 10 and 12, number of branches per whorl between 12 and 14 and survival at 14 years. The total height growth and number of branches per whorl were the two traits of major importance for Swiss stone pine. The measurements were made on samples of 20 trees of each provenance from each replication.
For the analysis of field data, plot means of 12 provenances grown at both sites were used. Data were subjected to a variance analysis by location and then over locations, as well, with plot means as the analysis units. Statistical model was taken from van BUIJTENEN, and YEISER (1989) adapted to the provenance experiment, as follows
where: Y ijk = the kth tree of the jth provenance in the kth block; µ = the trial mean; B i = the ith block; P j = the jth provenance; BP = the the interaction of the ith block and jth provenance; ijk = the random error.
At age 14, the Duncan Multiple Range Test (DUNCAN, 1955) was used to separate the provenances into homogeneous groups and to establish the level of significance of each provenance compared to the trial mean at each location. To compare the results, data from age six for total and annual height growth were included in the DUNCAN test.
The least significant difference (LSD) to be applied to the DUNCAN test was calculated by the formula given by CEAPOIU, (1968)
where: MS E = error mean square; R = number of replications.
The age-age and trait-trait phenotypic correlations were estimated for both nursery and field test even though the nursery data were not included in the present variance analysis. Also, correlations between height growth and number of branches per whorl at age 14 from seed, on one side, and geographic coordinates (including the ecophysiological latitude), on the other side were calculated.
The ecophysiological latitude was estimated using the formula (WIERSMA, 1962) .
\where: Le = ecophysiological latitude; L and A = latitude and altitude, respectively. Latitude is thus corrected for altitude in such a way that 100 m difference in altitude is considered to equal a difference of one degree in latitude. The ecophysiological latitude can be thought of as latitude reduced to sea level and is considered to better define the relationship between growth and geographical location than either latitude or altitude alone. Finally, a regression between total height growth and number of branches per whorl was calculated.
Note: the letters (S), (N) and (S/N) that will be used subsequently refers to southern and northern trials or both. Table 3 . -Analysis of variance of cembra provenances at the field stage, by location. * p < 0.05; ** p < 0.01; *** p < 0.001; H, h, RCD & BW = total and annual height growth and root collar diameter and number of branches per whorl, respectively, at successive ages; SV.14 = survival at age 14. Blada et. al.·Silvae Genetica (2007) 
Results and Discussions
Variation at the Southern Carpathians trial (S)
Variation in total height growth (S)
Over the entire field testing period, variance analysis results showed highly significant (p < 0.001) genetic differences between provenances in total height growth ( Table 3) . Such genetic differences suggest that:
• although the species is very slow growing; it possesses considerable genetic variation in growth rate at provenance level;
• based on the within species variation, selection of faster growing provenances for reforestation and for operational tree improvement will be effective; a faster growing provenance planted at sub-alpine zones will colonize the area much faster than a slow growing one; the faster colonization of the steep slopes will be most efficient for site stabilization.
The across locations analysis indicated significant (p < 0.05) or highly significant (p < 0.01; p < 0.001) site effects on total height growth. All the interactions between provenance and site were highly significant (p < 0.001) for growth ( Table 4 ), suggesting that several provenances would exhibit relatively fast growth in one environment but slower growth in another. Therefore, provenance selection should be done according to these local performances. It was presumed that site climate and not site productivity was the main cause of the interaction.
The mean total height growth of provenances at age 14 ranged from 100.7 cm for the Pietrosul source to 165.3 cm for Pietrele a difference of 64.2 % indicating a high range of variation and excellent possibilities for effective selection. When compared to the plantation mean, the DUNCAN Multiple Range Test showed that the Pietrele, Calimani, Stana de Rau and Gemenele provenances from Carpathians were significantly (p < 0.05) or highly significantly (p < 0.01; p < 0.001) better in total height growth than all other provenances (Table 5 column 7). Quantitatively, they surpassed the plantation mean by 18.9 %, 18.5 %, 12.0 % and 10.6 %, respectively ( Fig. 1 A) and consequently, if height growth is to be taken into account, these four provenances should be used for reforestation in the Southern Carpathians and in advanced-generation improvement. In contrast, the Bois des Ayes, Grachen Wallis and Pietrosul held the last three places in rank ( Table 5 , column 7) and their performances were significantly (p < 0.05) or highly significantly (p < 0.001) below the plantation mean by 12.1%, 23.6 % and 27.6 %, respectively ( Fig. 1 A) . The Table 4 . -Analysis of variance of cembra pine provenances field trials combined over locations. * p < 0.05; **p < 0.01; ***p < 0.001. * p < 0.05; ** p < 0.01; *** p < 0.001 (for above trial mean differences);°p < 0.05;°°p < 0.01;°°°p < 0.001 (for below trial mean differences); X = trait mean. remaining provenances formed groups which were not significantly different from each other. Of particular interest was the Calimani source, originating in the Northern Carpathians, which in the Southern trial exhibited a growth rate similar to the best local source, e. g. Pietrele, suggesting an insignificant provenance x environment interaction.
Comparison of rankings of mean total height growth in the nursery test at age six and that in the field test at age 14 (Table 5 columns 1 and 7) revealed that:
• the Pietrele, Gemenele and Calimani provenances held their statistically significant top positions at both age six and 14 while the Bluhnbach source dropped from significant second to non-significant fifth position in the rank; thus, the above three including Stana de Rau provenances are recommended for plantations in the Southern Carpathians;
• the Valea Lalei, Grachen Wallis, Bois-des-Ayes, Sirnitz-Gilendorfer and Pietrosul sources held the bottom part of the rank at both age six and 14, except the Sirnitz-Gilendorfer source, which jumped in ranking from second last at age six to sixth position at age 14; all of these should not be taken into account for reforestation.
• in general, when the total height growth and annual height growth rankings from the nursery test were compared to those from the field test at age 14, a generally similar pattern of rankings occurred, so that positive age-age correlation can be expected.
• with the exception of the Bluhnbach source, all provenances originating in the Alps Mountains exhibited significantly less total height growth than the Carpathian sources, so they will not be included in the operational planting programs.
Variation in annual height growth (S) Highly significant differences in annual height growth occurred among provenances (p < 0.001), a trend that was set in field tests (Table 3) . When the rankings were compared ( Table 5 , columns 4 and 10), the Pietrele and Calimani provenances were statistically highly significant at the top two positions in rank at both age six and 14, while Bluhnbach and Gemenele dropped in the rank to the fifth and seventh positions, respectively. The Boisdes-Ayes, Grachen Wallis and Pietrosul provenances occupied the bottom three ranks at both age six and 14, while the Sirnitz-Gilendorfer provenance jumped in ranking from tenth position at age six to fourth position at age 14. A consistent pattern was apparent in the rankings for both total and annual height growth at age 14 ( Table 5 , columns 7 and 10) but only partially consistent with rankings from the age six nursery test ( Table  5 , columns 1 and 4).
Variation in number of branches per whorl (S)
The number of branches per whorl was recorded at 12, 13, and 14 years of age. At all three ages the differences among provenance were highly significant (p < 0.001) ( Table 3 ). Owing to this variation, selection of provenances with individuals having a larger number of branches per whorl can be done. A larger number of branches per whorl /tree give rise to a denser crown which has a higher capacity for snow and water retention. Such an increase in precipitation retention may significantly contribute to preventing avalanche initiation, soil erosion and flooding downstream.
Results of across sites analysis of variance indicated no significant site effects on number of branches per whorl. But, provenance x site interaction was highly significant (p < 0.01; p < 0.001) suggesting that several provenances could exhibit high numbers of branches per whorl at one environment and lower numbers at the other ( Table 4 ).
The mean number of branches per whorl at age 14 ranged from 6.1 for Grachen Wallis to 11.1 for SirnitzGilendorfer, a difference of 82 %, suggesting a high range of variation and excellent possibilities of selection. The DUNCAN Multiple Range Test showed that, compared to the plantation mean, the Sirnitz-Gilendorfer provenance was highly significantly (p < 0.01) better in number of branches per whorl than all other provenances ( Table 5 , column 13). Quantitatively, it sur- the plantation mean by 25.0 %. In contrast, the Grachen Wallis provenance held the last place in rank and its performances was negatively highly significantly (p < 0.001) lower than the plantation mean by 31.3 % (Fig. 2 A) . Therefore, if the objective is to improve the number of branches per whorl, the Sirnitz-Gilendorfer provenance should be selected and used for operational tree improvement and for reforestation in the Southern Carpathians. The remaining provenances formed groups which were not significantly different from each other.
Phenotypic coefficients of variation (S)
Low to moderate within provenance variation was found in total and annual height growth but high variation was found in number of branches per whorl. At the Southern trial, the coefficients of variation ranged between 6.9 % and 15 % in total height growth, 12.9 % and 24.3 % in annual height growth and 12.7 % and 31.6 % in total number of branches per whorl, i. e. a mean variation of 12.5 %, 15.4 % and 24.0 %, respectively ( Table 7) . According to these figures, genetic selection can be effectively applied at both provenance and tree within provenance level.
Phenotypic age-age correlations (S)
At the Southern test, correlations between variables at different ages indicated a very clear pattern ( Table 8) . Age-age phenotypic correlations for height growth were significant (p < 0.05) or highly significant (p < 0.01; p < 0.001) in most cases. This indicates that early selection for height growth may be efficient. Generally, the age-age correlations for total height were higher than those for root collar diameter and especially for number of branches per whorl. The age-age correlations between annual height growths at age four and successive estimates of the same trait were generally not significant. However, age-age correlations for age six and older with successive estimates were generally highly correlated and significant. Age-age correlations for number of branches per whorl were significant (p < 0.05) only between age 13 and 14. These results clearly indicate that early selection for previously mentioned traits, except for number of branches per whorl may be efficient. In other words, in case of the cembra pine, selection for growth traits can be done after a few years of field testing.
Phenotypic trait-trait correlations (S)
The trait-trait correlations are presented in table 8. Trait-trait phenotypic correlations between total height growth and successive annual height growth and root collar diameter and number of branches per whorl were significant (p < 0.05) or highly significant (p < 0.01; p < 0.001) in all but seven cases. Correlations between total height growth and number of branches per whorl were less well correlated than traits previously mentioned. However, trait-trait correlations between total height growth at ages 13 and 14 and successive number of branches per whorl at ages 12 and 14 were significant (p < 0.05) or highly significant (p < 0.01; p < 0.001). In many cases, a lack of significance was found between annual height growth and successive root collar diameter and number of branches per whorl. Also, in most cases, the root collar diameter was not significantly correlated with number of branches per whorl. Consequently, with minor exceptions, the results showed that indirect selection may be applied for the two major traits, total height growth and number of branches per whorl.
Variation at the Northern Carpathians trial (N)
Variation in total height growth (N) Highly significant (p < 0.01) (p < 0.001) genetic differences occurred between provenances in total height growth ( Table 3 ) suggesting, as did the Southern test, that selection of some valuable sources of practical importance for reforestation and for operational tree improvement programmes can be done.
The provenance mean total height growth at age 14 ranged from 98.0 cm for Sirnitz-Gilendorfer to 154.4 cm for Bluhnbach, a difference of 57.6 %. This range of variation is almost as high as that observed at the Southern Carpathian trial. The DUNCAN Test showed that, compared to the plantation mean, the Bluhnbach and Calimani provenances were positively highly significantly (p < 0.01; p < 0.001) better in total height growth than all other provenances (Table 6, column 7). Quantitatively, they surpassed the plantation mean by 21.6 % and Table 6 . -Provenances distribution on homogeneous groups according to DUNCAN Test (p < 0.01) for the Northern Carpathians trial. * p < 0.05; ** p < 0.01; *** p < 0.001 (for above trial mean differences);°p < 0.05;°°p < 0.01;°°°p < 0.001 (for below trial mean differences); X = trait mean. (Fig. 1B) . In contrast, the Grachen Wallis, Pietrosul and Sirnitz-Gilendorfer provenances held the last three positions in rank ( Table 6 , column 7) and their performances were highly significantly (p < 0.01) below the plantation mean by 10.9 %, 21.1% and 22.8 %, respectively (Fig. 1 B) . Surprisingly, at the Southern plantation the Sirnitz-Gilendorfer provenance ranked sixth while at the Northern plantation, it dropped to last. The remaining provenances formed groups which were not significantly different from each other. Therefore, according to these results, only the Bluhnbach and Calimani provenances originating in the Alps and Carpathians, respectively, should be selected for breeding and operational planting programmes for the Northern Carpathians, while all the others would be less useful.
Comparison of total height growth rankings from the nursery test at age six and the field trial at age 14 ( Table 6 , columns 1 and 7) showed that:
• at age six in the nursery, the four best provenances, highly statistically significant, were Pietrele, Bluhnbach, Gemenele and Calimani, while at age 14 in the field, only Bluhnbach and Calimani provenances kept their positively significant top positions; these two sources should be considered for operational breeding programme;
• the Valea Lalei, Grachen Wallis, Bois-des-Ayes, Sirnitz-Gilendorfer and Pietrosul provenances occupied the bottom ranking at both age six and 14, and they and some others should be culled.
Variation in annual height growth (N)
With minor exceptions, ranking of provenance mean values for annual height growth from the nursery stage at age 6 was consistent to that from the field test at age 14 ( Table 6 , columns 4 and 10). Differences between provenances were highly significant (p < 0.001) a trend that, with minor exceptions, was set at field test (Table  3) . When the rankings were compared the Pietrele and Calimani provenances held their statistically significant top positions at both age six and 14 while Bluhnbach and Gemenele became insignificant at age 14. The Boisdes-Ayes, Sirnitz-Gilendorfer, Grachen Wallis and Pietrosul provenances held the bottom rank at age six and 14 ( Table 6 , columns 4 and 10),
Variation in number of branches per whorl (N)
Results of variance analysis indicated highly significant differences (p < 0.001) between provenances for the number of branches per whorl recorded at ages 12, 13 and 14 (Table 3) . Provenance means for the number of branches per whorl at age 14 ranged from 6.8 for the Pietrosul source to 9.4 for Stana de Rau, a difference of about 39.9 %, indicating significant variation, but lower than that from the Southern trial (Table 6 , column 13). Also, the DUNCAN Multiple Range Test showed that, compared to the plantation mean the Stana de Rau and Calimani provenances were significantly (p < 0.05) better in number of branches per whorl than any other provenances in the test. They exceeded the plantation mean by 15.3 % and 13.5 %, respectively (Fig. 2 B) . In contrast, the Pietrosul provenance held the last position in the rank (Table 6, column 13) and its performance was significantly (p < 0.05) lower than the plantation mean by 17.6 %, (Fig. 2 B) . The remaining provenances formed groups which were not significantly different from each other. Therefore, according to these results from the Northern trial, the Stana de Rau and Calimani provenances should be selected for the future work in the Northern Carpathians while use of the other sources should be discouraged.
Variation in survival (S/N)
The planted stock was vigorous from the beginning as it was derived from outcrossing. This contributed to a very high survival. Also, because the plantations were established with potted seedlings and because the trials have been fenced, almost all trees have survived at both plantations. At age 14, the mean survival at the Southern and Northern Carpathians amounted to 99.3 % and 99.8 %, respectively. Because of this very high survival, the variance analysis carried out at both individual sites (Table 3 ) and across sites (Table 4) indicated no significant differences between provenances and no significant provenance x location interactions. Since variation for survival is lacking, no selection decisions can be made.
Phenotypic coefficients of variation (N)
Low to moderate within provenance variation was found for total and annual height growth but variation was high in number of branches per whorl. Northern trial phenotypic coefficients of variation had estimates slightly higher than the Southern trial estimates. Estimates ranged between 12.1% and 19.3 % in total height growth, 14.7 % and 19.7 % in annual height growth and 21.7 % and 37.9 % in total number of branches per whorl, a mean of 15.0 %, 16.9 % and 29.3 %, respectively (Table  7) . Therefore, both the breeding and the operational programme can benefit by utilizing between and within provenance selection.
Phenotypic age-age correlations (N)
At the Northern trial, correlations between variables at successive ages indicated a very clear pattern ( Table   Table 7 . -Phenotypic coefficients of variation within provenances of cembra pine in the Carpathian filed trials.
H.14, h.14 & BW.14 = the total and annual height growth and number of branches per whorl, respectively, at age 14. 8). Age-age phenotypic correlations for all tested traits were significant (p < 0.05) or highly significant (p < 0.01; p < 0.001) in all but two cases indicating that early selection for each trait may be efficient. The age-age correlations for total height were higher than those for the other traits. These results clearly indicate that early selection for all traits may be efficient.
It is apparent that for cembra pine selection for growth traits can be accomplished after a few years of field testing, reducing both the effort and cost for the breeder. Early selection increases the efficiency of an operational tree improvement programme by reducing the funding required for field testing to obtain the same or slightly greater genetic gain (LOWE and VAN BUIJTE-NEN, 1989 ). Initially, selection in progeny tests of forest trees was delayed until approximately one-half of the projected rotation age. Recent work has indicated that adequate estimates of rotation age performance can be obtained at much earlier ages (LAMBETH et al., 1983) . For the southern pines in the United States, most selection is currently done between five and ten years of age (LOWE and .
Phenotypic trait-trait correlations (N)
The trait-trait correlations are presented in table 8. With the exception of age three, the trait-trait phenotypic correlations between total height growth, successive annual height growth, root collar diameter, and number of branches per whorl were significant (p < 0.05) or highly significant (p < 0.01; p < 0.001) in most cases. The correlations between annual height growth and other traits were lower than those correlations previously mentioned. In many cases, a lack of significance was found between annual height growth and successive root collar diameter and number of branches per whorl. Also, in most cases, the root collar diameter was not significantly correlated with number of branches per whorl. Consequently, with minor exceptions, the results suggest that indirect selection may be applied for the two major traits, total height growth and number of branches per whorl.
Correlations between main traits and geographic coordinates (S/N)
Correlations between total height growth and number of branches per whorl at age 14 with geographic coordinates of provenance origins, including the ecophysiological latitude, showed that ( Table 9 ):
• at both the Southern and Northern Carpathian trial, no significant phenotypic correlations were found between total height growth and any of the geographic coordinates, including ecophysiological latitude suggesting that at this stage of the experiment the pattern of variation in growth could be classified as non-clinal; meaning that provenances from Alps could be planted in Carpathians;
• at both Southern and Northern Carpathian trials significant (p < 0.05) negative correlations (r = -0.62; -0.64) were found between number of branches per whorl and altitude, suggesting that the number of branches per whorl follow a clinal pattern of variation;
• at both Southern and Northern Carpathian trials significant (p < 0.05) positive correlations (r = 0.65; r = 0.67) were found between number of branches per whorl and longitude, suggesting an east-to-west trend in number of branches per whorl; but, in relation with the latitude and ecophysiological latitude, the number of branches per whorl did not follow any significant clinal pattern. Table 8 . -Age-age and trait-trait phenotypic correlations for Swiss stone provenances tested in Southern Carpathians (above diagonal line) and Northern Carpathians (below diagonal line) trials. Age-age correlations were inserted inside rectangles while traittrait ones were inserted outside rectangles.
The underlined phenotypic correlations are significant (p < 0.05), while the italic in bold correlations are highly significant (p < 0.01: p < 0.001). Blada et. al.·Silvae Genetica (2007) This study to define patterns of geographic variation as a basis for selecting seed sources and for developing seed transfer guidelines was clearly needed before the inception of a programme for genetic improvement of cembra pine.
Regression (S/N)
Most tree improvement programmes are geared towards the improvement of several traits at the same time, i. e. to apply multitrait selection. Independent culling is a method of multitrait selection that involves setting minimum values for each trait of interest. Individuals must meet these minimum criteria if they are to be retained (ZOBEL and TALBERT, 1984) . By extrapolation from individuals to populations, this method was applied to the present experiment. As previously stated, from an ecological standpoint height growth and number of branches per whorl are the most important traits. As these traits were significantly positively correlated, indirect selection may be applied.
Regression analysis at age 14 designated which provenances exhibited the faster growth and had a minimum acceptable number of branches per whorl. Provenances like Pietrele and Calimani should be selected and used for the Southern Carpathians (Fig. 3) while Bluhnbach and again Calimani are best for the Northern Carpathians (Fig. 4, quadrant II) . It should be pointed out that between the two traits priority was given to the height growth.
Age trend in height growth across sites (S/N) Figure 5 displays the age trend in height growth at the two trials. A consistent parallel pattern of both total and annual height growth at the Southern and Northern Carpathian trials was evident. During the entire field testing period, total and annual height growth from the Southern Carpathian trial was superior to those from the Northern Carpathian trial. The soil conditions at the two sites were similar while the climatic conditions differ. The average annual temperature is lower and the growing season is shorter at the Northern Carpathians relative to the Southern Carpathians, and this no doubt explains the differences in height growth. Growth from age four to twelve showed a consistent increase in mean annual height, but at age 14 the trees seemed to reach maximum mean annual growth.
Practical implications
The present experiment was conducted to detect the genetically most appropriate provenances to be planted Table 9 . -Phenotypic correlations between total height growth (H.14) and geographic coordinates and number of branches per whorl (BW.14) and geographic coordinates for Southern and Northern Carpathians. Le = ecophysiological latitude. at high elevation in the Carpathians. The best provenances are those that showed both fast growth and larger number of branches per whorl. Due to their faster growth and more branches per whorl, such provenances and individuals within provenances should be planted in the Carpathians because they have the ability to more quickly colonize the area and to play a significant role in preventing avalanches, soil erosion, and downstream flooding. The DUNCAN Multiple Range Test and the regressions between total height growth and number of branches per whorl indicated that: the Pietrele, Calimani, Stana de Rau and Gemenele provenances could be recommended for reforestation in the Southern Carpathian while Bluhnbach and Calimani in the Northern ones. It should be stressed that due to its ecological plasticity or low genotype x environment interaction, the Calimani provenance originating in Northern Carpathians may be planted in both Northern and Southern ones.
Conclusions
• Though very slow growing, the cembra pine exhibited significant variation not only in growth traits but in number of branches per whorl, as well; therefore, genetic selection at provenance level can be applied.
• The significant and highly significant age-age phenotypic correlations for growth traits and number of branches per whorl clearly suggested that early selection may be efficient; this indicate that selection could be started after field testing
• The significant and highly significant trait-trait phenotypic correlations between height growth and number of branches per whorl suggested that indirect selection may be applied;
• The significant positive correlation between number of branches per whorl and longitude, suggested an eastwest trend in number of branches per whorl;
• The significant negative correlation between number of branches per whorl and elevation suggested that the number of branches per whorl follow a clinal pattern of variation.
• The non significant correlations between total height growth and the geographic co-ordinates suggested that at this stage of the experiment the pattern of variation in growth could be classified as non clinal. Thus, some provenances from Northern Carpathians can be used in the Southern ones and the Carpathians provenances could be planted in the Alps and vice versa;
• The local Pietrele provenance was the best in height growth in the Southern Carpathians while the Bluhnbach provenance originating in the Austrian Alps was the most productive in the Northern Carpathians. As second in the rank, the Calimani provenance can also be taken into account in both Northern and Southern Carpathians.
Introduction
The study of karyotypes is a valuable tool for comparing species and discriminating between populations (MATSUMOTO et al., 2000; SCHRADER et al., 2000; SCHRADER et al., 2003) . STEBBINS (1971) indicated that the majority of this woody angiosperm's chromosomes are very small and that small differences exist between the species within the genus. The report of the Eucalyptus globulus Labill. chromosome recount done by BOLKHOVSKIKH et al., (1969) showed that 82 % of the counts done for the species of this genus had a karyotype of 2n = 22 chromosomes. In a cytological study, RYE (1979) reported that up to 90 % of the species studied have the same number of chromosomes. Eucalyptus has been described as a very large genus, with over 700 species (POKE et al., 2006) . In cline variations and hybridizations are very common and can be verified within the subgenera (PRYOR, 1976 ).
The first systematic cytological studies of Eucalyptus globulus pollen grains began in the 1930s (MCAULAY et al., 1936; MCAULAY and CRUICKSHANK, 1937) ; these studies reported a haploid number for the species of n = 11. Later, BEDI (1989) and MORA et al., (2005) carried out new chromosome counts for this species using material taken from root tips. The latter authors also analyzed the E. globulus karyotype and found that the chromosomes fluctuated between 1.42 ± 0.4 µm in length.
No karyotype characterization studies have been done to discriminate between E. globulus sub-species and races, mostly because of the methodological complexity of obtaining metaphase plates from the very small chromosomes (< 2 µm) that characterize this species and genus (ATCHINSON, 1947; RYE, 1979; HAQUE, 1984; HAR-BARD, 1995 , 1996 MATSUMOTO et al., 2000) . JORDAN et al. 
